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Ijfe is dynnmic. From bivth, even prior to bivth, we are bnthed in n continu- 
ous strenm of experiencc. Thvough this flow of timo, our complex physioiogy 
maintains a balancing act, ever changing to maintain some stability, equilibrium, 
and homeostasis. To survive and flourish, we must sense, process, store, and 
respond to elements of our dynamic cnvironment. The brain is the primary 
organ responsible for these tasks. By internalizing and storing elements of the 
unique sequence and collection of our individual expcricnces, the brain forccs 
us to become reflections of our personal hístorics. These histories may be filled 
with consistent, predietnble, nurturing, and enriching experiences or marred by 
chaotic, threatening, and traumatic experiences. The nature, paltern, and timing 
of these experiences influence our subsequent functioning. It is from this catalog 
of life evcnts that our brain shapes our perceplions ancl reactions as wc move, 
feel, and think; laugh, love and cry; and remember, create, or bnte. 

This article discusses the impact of traumatic experiences on child develop- 
ment and funclion as viewed through the lens of developmental neuvobiology. 
This focus may provide some insight for those seeking to understand the 
neuropsychialric problems resulting frorn childhood trauma. The recurring 
themc. in a neurodevelopmental view is the remarkable malleability of the 
developing brain. The brain's exquisitc sensitivity to experience in early child- 
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, u „«i allovvs traumoHc oxperiencc? during Infoncy antl chi ,,. 

;„H,re emotionol, heh.wior.il, cognltive, sociol, and nluLt. 1 !'°? d to 


P h y»ioiogi C r u , )c í>;p»o all 

'S* 


íuttjrt' 

BACKGROUND: TRAUIWA AND CHILDREN 

It i 6 thc rare child vvho cscapcy chüdhood withoui 
pain, or loss. Far too many children oxperíence spvtn,.! , u Cf wo)ty, lh ,.„ 
stress. Millions of childrcn éách ycar expcricnce traumaltc chrcmk °r trailm!?' 
ters- physieal abus*,">'" soxual assauhr'v^,^^^^ nntura?X 
experiences>~' MiUions of other chikiren Uve in the ‘trauiíntí,? hcr lerrof '«¡n R 
domestic or community vfoten**,*» h «« tHeae éxperiencef 1» ' a f'*' xon ' <* 
the vulncrable developfng child, often resulting in impa.mum ** ** 
chromc enough to be labeled neuropsvchiatric disorders" 8 f evor ° a °d 
rnent disorder, posttraumatic stress disordcr [PTSDl, dissocL hvp af.ÜT ? Uach * 
sérvatiyo fstíroate» suggest thol more U»n 8 million childnm, »u™ rS' c°"' 
are suftenng from a trauma-related neuropsychiatric disorder and ihn m , 
more suffcr subclinícal but serious problemsr- The cóst to TndMdaafe 
socicty by any measure, economic or human, is high. a,s aUc1 


NEUROPSYCHtATRIC DISORDERS AND CHILDHOOD 
TRAUMA 


The best'characterized neuropsychiatric problems following childhoud 
trmima are postlraumatic átress disorders. 77 87 Terir's landniark studies' 07 started 
the modern era of intercst in the psychologic sequelae of chitdhood trauma. 
Over the last 20 years, Jagging behind a similar rediscovery of adult FFSD, 
various important nspects of the phenomenology of childhood ITSD have been 
studied.^'- 7b - ws ' ,,,;! Terr has described two broad categories of PTSD in 
children: tlie effects of discrete, encapsulated traumatic events (Type I) versus 
chronic, pervasive trauma (Type II). 1 "» This distinction is a good starl, but 
better phenoménólogy is required to understand the various neuropsychiatric 
syndromes related to chüdhood trauma. w ' 30 4,1 w ' 92 

Childten respond to and are affected by traumatic experienccs in a host of 
different vvays and in ways different from adultS. Independent of the direct 
effects of the trauma, the capacity of traumatic experiences lo dísrupt and 
inlerfere wítb emotional, bebavioral, cognitive, socíal, and physical development 
léads to important secondary nnd tertiary effects on the chitd. The current 
Omnoslk Sfntistical Mnnunl (DSM“JV} 7rt diagnostic labels do not capture the 
diversity of adapHve and maladáptive syndromes Ihat appear to be related to 
earlv Hfe traumatic experiences. Among the comorbid neuropsychiatnc diag * 
ses associated with childhood trauma are major dcpression altenhon detic 
hyppracHvity disorder (ADHD), dissocialive disordcr, and, Wlowtag “«j 

eariy life neglect and trauma, various developmenlal d.sorders AHhough 

„ nol the only nor an inevitable oulcome of trauma durmg childhood, 
malic hvperarousal or dissociaHve-like symptoms often coexisl ivith *esc 
dísorders^"'”"’ Furthermore, severe early trauma appears lo be an ex|_ c-- 
nf underiylng constitutional or genclic vulnerability and may be a prinuiiy 
„i r.rínr ín the development of a broad rangc of dlsorders later m lite. 

“ biMial or 'iress irihe area of childhood ftsD was made by companson 
wilh findlngs or conccptuol views derived írom adult populations, tspeujy 
male comb.lt veterans." “ Ibese comparisons, once useful, are now tery 
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itíng. Thcy lenve key cjucstíons unasked, What explains the different responses 
to, and cffccts of, the same traumatic event on chiidrcn of diffcrent ages? Bv 
what mechanisms do traumatic cvents influcnce developrnent? What makes an 
experience traumaüc? Why do children of the same age react dilferently to the 
samo traumatic event? Where do resilíence or vulnerability come from? Are the 
eífects of trauma in childhood reversible? Advances in understanding childhood 
trauma requiro conceptunl approaches and research that recognize the unique 
and distinctive propcrties of childihood. Onc such approadh uses the core princi- 
ples of neurodevelopment lo frame these issues. 

A NEURODEVELOPMENTAL VIEW OF CHILDHOOD TRAUMA 

The functional capabilities of the mature brain develop throughout life, but 
the vast majority of crilical structural and functiona) organization takes place in 
childhood. Indeed, by 3 years of age the brain has reached 90% of adult size, 
whereas the body is still oniy about 18% of adult size. v " Childhood experiences 
define the adult by shaping the developing brain. This definition occurs because 
neurodevelopment is characterized by sequential development and sensitivity 
(from the brainslem lo the cortex) and use-dependent organization/'*' rtl The 
mature organization and functíonal capabilitics of brain reflect aspects of the 
quanlity, quality, and pattern of the somatosensory experiences of the first years 
of The sequential and use-dependent properties of brain 

development result in an amazing adaptive malleability, ensuring that, within 
its specific genetic potential, an individual's brain develops capabilities suited 
for the environment in vvhích he or she is raised. w Simply stated, children reflect 
Ihe world in which they are raised. 


Equilibrium, Stress, and Trauma 

All living organisms have mechanisms to sense and respond lo changes in 
their environments. These envíronments—external as sensed by our five senses 
and internal as sensed by a set of spedalized neurons throughout the body (e.g., 
glucose- or sodiüm-sensitive neurons)—are always changing. Our physiology 
and neurophysiology arc characterized by a continuous, dynamic process of 
modulation, regulation, compensation, añd adivation designed to keep our 
body's systems in some state of equilibrium or homeostasis. Each of our rnany 
complex physiologic systems has a rhythm of activity that regulates key fune- 
tions, For exampic, when blood sitgar falls belovv a certain level, a set of 
compensatory physiologic actions are activated. When tissue oxygen is imv from 
exertion, or when an individual is dehydrated, sleepy, or threatened by a 
predator, still other regulatory activities respond to the specific need. For each 
of the.se systems there are basal or homeostatic patterns of activity within which 
the majority of environmental challenges can be sustained. 

Wlien there are dramatic, rapid, unpredidable, novel, or threatening 
changes in the environmcnt, howevcr, special stress-response mechanisms are 
activated. These brain-mediated responses recruit a sel of central and peripheral 
nervous systcm, neuroendocrine, and imnuvnc responscs that promote adaptive 
survivnl functions and, latcr, reltirn to equilibrium or homeostasis. Events that 
disrupt homeostasis are, by definition, stressful. If Ihis slress is severe, unpredict* 
abic\ prolonged, or chronic, the compensatory mechanisms cnn become overacti- 
vated or fatigucd and incapablc of resloring homeostasis, and so the physiologic 
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system reorganizes ita basal patterns. An even . ‘ tasis> f n a V cry renl sensc, 
organism dramatically and negativeJy disrupL __ oersisíinft sct of eoinpensa- 
trauma tbrovvs tlie organism off balonce an ^!: e ¡ : n f xib iJ yta (e 0 f equilibrium. 

tory responses that, in turn. create a new bul Acx blc « jve cnm . 

Traumo'induced homeostasis consumes more g¡ve homeostasis and 

pared wilh "norm.il" homcostasis. By in . L Cím ¡ sm || hassurvíved 

compromising full funclion.il cap.icity, trauina robs Ihe orgamsm. 
ivniimpfíp ovrv>rii»i1fP. but at a cost. 


Homeostasis and IVIemory 

In this regnrd, the human organlsm ls ^iít'destnW 

exquísitcly complex, the core framcwork of thc I uman bra ._ 8"» ^ 

sense and respond to the changing environmen o p_ , st . ore j nte maí 

heart of our survival neurobiology cap^y brain cre ates memories 

representations of tbe external woild mt.ni ) • chance from onc 

owine to the capacity of neurons and neural systems to c ang 

homeostatic state to another. ln response to a set of ' , , fl ct this 

in actívity (e.g., aensatíons), neurons imdergo moiecular <-ha%c& tí re,,ce (> 

irHvítv 52, M In a verv real sense, unless the homeoslahc dynan t. * 

svsrem is altered H wiii not chauge and will not mske in.crnal represena- 

tions of the experience—it will not make memories. Neuroas and neuial s>stem 
t onsoi tneexpenence u wui ^ neuraJ svstems are mflu- 


This process has important implications for understanding hovv * e 
nipmories of troumatic cxperiences. For adults, most cxpencnces have only a 

small compnnent that ls new or unique. brain 

words, sounds, ¿lese'pa^temsbefore! In^dicse'situations only 

Hime poniimloTtiie bréin are activated and process outside of the.r homc|Ostatic 
nñee P In the classroom, for example. a leeture may result m corhcal ac ivahon 
Sitwill cau« Htle new emotional, motor. or arousal activity. The result hope- 
, “iL 's ñevTcoenitive memories that store the informaüon from the lecture 
c¡ r|v nracticine piano may resuit in new cerebellar-basal gangba-motor 
Sx S* P P'S motor memories, bu. it will have IH.le effect on 

piYiñtíDníil or slcite-rt'iíuiftHon ^rüíis ol l.Hc bnun. , ,<* 

Trauma however, induces a lolal brain response. All parts of thc bram w 1 
be involved in trying to survive the threat. A tráumatic event, by alfering activit) 
(andTlterfng thl homeostasis) ín all parts oí the brain-the cortex, lmbic, 
mídbrain and brainstem porlions-can create different types of memory. Alter- 
ing corHcal liomeostasis creates cogniHve or narrative memory; the ''rebic wi 
liíMial mvmorv the midbraln motor memory; and the brauistem, physiologic 
state momorics. 23, (,í 7Hi M These memories, reflections of the allered equilibnum 
resulting from a traumatic event, are the heart of trauma-related neuropsychiat- 

r ' C S Childñ d n S are' P mme' vulnerablc to trauma tlian adults. Traumatic evenls 
mudifv an adult's original state of organizahon or homeostasis but may U tnt 
oricfjnal organi/Jng experience for the child, thereby detemunmg Ihe lound.v 
tíonal organizatíon and homeostasis of key neurai systems. Expenence m adulb 
ailers the organized brain, but in infants and children it organtzes the developing 
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brain..” 1 This difference h¿is profound implicatíons for understanding the differ- 
ences between trnunin in childrcn and adulls. 


The Oynamic Environments of Oevelopment 

Thc neurobiologic capabilities to sense, store, and respond to our environ- 
ments evolved over millions of years as our pre*hominid ond hominid ancestors 
adaptcd to the changing demands of their environments. These environments 
hnd many cornponents: climate, weather, habitnt, predalors and prey, nnd, 
crucial to understanding humans, social structures. Humankind livcd for thou- 
sonds ol' vears in small hunter-forager bands. Our complex social and communi- 
cation capabiliiies allowed small, nnkcd, slow, and weak individual humans to 
survive by creating lavgcr, stronger, and more flexible biologic systems to com- 
pete in the harsh natural world inhabited by larger, stronger, faster, and natu- 
rally arrned animals." 0 

Central elements of our human development—then and now—are the dra- 
matic changes in the major environmental challenges associated with the life 
cycle. The world to vvhich the brain must ndapt is dynamic, with dramatic shifts 
in the major sensory sümuli occurring at key transítional life stages. Our stream 
of experience is coniprised of shifting ©nvironments: new demands, cxpectations, 
tasks, and capabilities. 

ít is important to emphasize environments. During the liíe cycle, the pri- 
mary internai and external environmcnts are changing. Tn utcro, the sensory 
cues from tlte environment include darkness, a constant lemperature, a liquid 
embracing space, and the constant vibratory and auditory rhythm from the 
mother's heart ralc. The homeoslatic states devcloping in thc environmcnl of 
the third trimester fetus are challenged and shifted by birth. The major sensory 
cues (i.e., environmenl) of the newborn como írom the primary caregiver; the 
mother's embrace, rhythmic rocking, and soft humming nre familiar and sooth- 
íng to the ncwbom. I3ut most sensations and perceptíons are new and challenge 
the rudimentary homeostatic patterns created during intrauterine life. Over time, 
the newborn's environment expands, enriches, and becomes more compiex. 
More sights, sounds, tastes, and touch push the developing neural systems of 
the infant, chiki, and adolescent oul from a previous set of homeostátic states 
to find nevver and more functíonally flextble orgnnizational equilibria. This 
deveJopment can proceed in an optimal fashion when the presentation of new 
stimuli is safe, nurturing, prediclablc, repetítivc, gradunl, nnd altuncd to the 
infant's or child's deveiopmental slage. When ncw experience is chaotic, ex- 
freme, or mismatched to developmental sfage, development is disrupted. 

What may be a dramatic, rapid, or unpredictabie shift in cnvironment for 
thc newborn (c.g., a diaper change, vvhich does induce a stress response) may 
be a familiar, comforting pattern for the l»year~old and a distressing, humiiiating 
experience for the incontínent 6-year-old or 60-yenr-old. Il is not surprising! 
then, that the neurobiologic systems and solutíons for responding to stress 
change with the unfolding demands and tasks of various stages duríng the life 
cyde. 37 * M Infants, for example, cannot fíght or flee. In lurn, adults could not 
survive minor life stresses vvilh the labile stress-response systems of the new- 
bom. The pattern of stress responsc prefcrred at any nge is gcnerally matched 
(o the demnnds and tasks of that developmental stage; vvhnt may be extremelv 
slressful (or trnumatic) at one age may not be at another. A newborn iníant that 
is not touched for 2 weeks will be severcly traumatízed, whereas this experience 
vvill have little effect on an adolescent. As vvith many other brain-mediated 
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Hinctions, stress retíponse netirobiologj' and functioninjg are experience- or use- 
dcpendent. Tlie individual strcss-response slylc and capacitíes of any child, 
then, nre relnted to tbe proCess of cataloging experience during development. 


Cataloging Experience 

Thrúughout life, the brain is sensing, processing, and storing pattcms oí 
neuronal actívation (i.e., making memories) that correspond to various sights, 
sounds, smells, tastcs, and movements. Using vnrious modes of memory (e.g„ 
cognitivo, emotional, motor) the braln stores these patterns, making associations 
nmong mtiltlple sensory slímuli and crealing templates of experience against 
vvhich all future experience is matched. v ” 

In this regard, the brnin is a conservative organ. lt docs not likc to be 
surprised. AU unknown or unfamiliar environmental cues are judged tó be 
threatenlng until proven othenvise. Novel stimuli focus attention, tncrease 
arousal, and induce an alarm response until they can be proven neutral or safe. 
Netv pattcrns and cues thal do not match the stored memories of previous 
experience prime the stress-response systems in the brainÁ 36 ' 57 Once cntcgo- 
rized ns neutral, safe, or thrcatening, these stored memories are added to the 
catalog of patterns, cues, nnd associatíons against which subsequent environ- 
mentaí cues are matched. 

What is safe and comfortable becomes so through experience. In contrast, 
when the environment, intemal or external, matches stored neuronal pattems 
associaled with a previous threatening experience, the brain's strcss-response 
systems are activated. Key signs and symptoms of trauma-related neurupsychiat- 
ric disorders result from these memories of fear. Laler events can recall stored 
elemenls of Ihe Iraumatíc experience by tríggering complex, multisystem re- 
sponses (i.e., cognitive, emotional, motor, state) tliat were associated with origi- 
nal trauma, but now have generalized to similar cues. Memories of fear are 
created at multiple Jevels in tlie brain's híerarcbical systcms. 

Processlng Envlronmental Cues of Threat 

Sensory information from the exlemal environment (visual, auditory, tactile, 
olfactory, gustatory) and the internal environment (e.g., blood glucose, arteriaí 
pressure, CO s Jevels) enters the central nervous system at the level of the brain 
stem and midbrain. 1 *’ As this primary sensory input comes into the brain stem 
and midbrain, it is matelied agatnst previously stored patterns of activation; if 
the input is unknown, or if il ís associated with previous threat, an initial alarm 
response begins . 8,9 The alarm response initíates a wave of neuronal acfivation 
in key brainslem and midbrain nuclei, which contain neurons ulilizing a variety 
of neurotransmitters (e.g., norepinephrine, dopamine, serotonin), neuromodula- 
tors and neuropeptides such as adrenocorticotropin (ACTH), corticotropin re- 
leasing factor, and vasopressin. 1 ’' IH Activalion of these key systems results in 
pattems of ncuronal activity thnl spread from the brainstem through the mid- 
brain, to thalaniic, limbic, and cortical areas. At the lcvcl of the brainstem and 
midbrain, there is little subjective perception. II is at thc lcvel of the thalamus 
and limbic arens that specific pnttems of neuranal actívity result in emotíonal 
sensations associalcd with threat—fear, anxiety, and anger .^'* 16 Al the subcortical 
nnd cortical level, more complex cognitíve associnlions are made, allowing 
íntetpretation of the cxperience. The event can be categorized, contexualized, 
and underslood withín a Jarger perceptual or cognilive frameWork . 97 
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ürennicm ic » nC P e í ceiv * I 'g throat must bo paired with response to threat if tiie 
affcrent inmn : S . U - r ' v , ,ve ' At ench ,evcl of ,1k ’ central nervous system, just as the 
activation L « mter P refcd /” k1 matchcd ngainst previous similar patterns of 
ml<> in rh rr° erent nrm ls ln *t¡ated. Each level nnd area of the brain hns some 
. 1 ,rI f , rCnt res P onse to the tbreat- Tlie brainstem regulates the autonomic 

íntnm?w ° ™ nmic oof P uh alters ar °usal, and tunes out distracting sensory 
r,I Í 1 , K ' , m,dbra5n ««gulates elements of motor activity (e.g., stnrtle 
( " r , nsel ' . ,mb5c system modulates emotional rcactivity and signalling (c.e. 

, cia expression); and the cortex inteiprets the threat and develops a cornplex 
p an. ndcr ideal circumstances, these multiple responses are integrated and 
orcncstrated to mobilize a host of actions that, hopefully, will be adaptive, 
icOlico risk, and enhance survival. ITiese responses are not alvvays weü inte- 
grated, however. VVithin each of the distinct neural systems responding lo threat, 
independent responses can occur. When a Vietnam veteran jumps with an 
exaggcrated startle responsc after a firecracker, despite knowing il is not gunflre, 
the bramstcm-midbrain efferent responses have occurred bcfore the cortex can 
contextualixe and interprel the sound. 

The specific response pattems for any individual or situatíon depend on 
many factors, including the nature, duration, sevcrity, and history of exposure 
to similnr threat. Age, of course, is a primnry factor in determining how the 
mdividual will respond to threat. in infants' and children, the higher, more 
complex parts of the central nervous system have yet to be organized or flilly 
functional. 1 he infant can still have a fenr-induced startle, emotional distress, 
ancl age-appropriate reactivity in response to a traumatic experience but be 
unable to make a plan. Nor can tbe traumatízed child easily use words to 
describe hís or her terror. Adults oftcn misundersland the silence of maltreated 
or traumatized chiid, sometimes so badly thnt the child is considered resilient 
to trauma. It is a very common adult misperception that children are better at 
coping vvith change or stress than adults. Despite the apparent ease with which 
many young children survive trauma, they arc much moro vulnerable to trauma 
than adults. Indeed, it is increasingly clenr that the sensitivity and organization 
of stress-response ncurochemical systems are related to developmental expcri- 
ences vvith stress. 


Devefopment of Stress Response Neuroblology 

At birth, despile having all of its 100 billion tieurons in placc, thc human 
brain is not completely organized or functional. Brain-mediated functions de- 
pend on the process of making and maintaining complex networks of neurons 
linked by specialized connections called synapses. During the first 6 months of 
life the number of synoptic connections rises dramtically. At S months of age, 
the synaptic number and density are higher than they will ever be. 80, Thc 
development and organizatíon of ftinctionally imporlant ncuronal networks 
(systems) is use-dependent. Those synaptic connections that are used are main- 
tained and slrengthened, whereas those that are not are pruned out and lost. In 
n very concrete sense, the expericnces of early childhood create patterns of 
neuronnl nctivity that become thc template neurnl networks and pntterns (ho- 
meostasis) agninst which all future experience will be sensed, processcd, ancl 
internalized. 

Tlie brain is comprised of many different systems and areas, each mediating 
some componerit of brain function. Not all of these systems and areas organize 
at thc snme timc. At birth, simple regulatory functions (e.g., respiration, tempera- 


Scanned by CamScanner 


40 ri-RRY ít POU-ARD 


tua» rcgulation) aro requircd and complcx cognitivc tnsks f rom 

organizcs and neurodcvelopment procccds in n scquentia 1 - Vnd contfnuin» 
the lowcst, most regulotory rcgions oí thc broin (í.c.. bra n ' , ,^ 

through to the highér, more complex areas (c.g., cortex). ns^ ' ? . ‘ • tlse . 

mental process is guided by cxperience. As ncurnl syste . P nittern of 

depcndcnt fashion, it is critical Ihnt the specifíc nalurc, qua >,« E! ou(;n tial 
sensory stimuli prescnt in an iníant or young child s i c n . r ioibilities) 
development. To develop the motor systems (and, thercby, molor «.ap. ), 

thc child nuist rock, crawl, walk. run, and dance. To organ ze the llmb c a«*s 
and 'devclop' the languagc of socio-emotional funchoning, the child must u 
consistent, nurturing relationships. To orgama* cortical nrca ^ •j n f orma . 
gungc and cognition, the infant must bc exposcd to complex .) 

tion (i.e., peoplo must talk to the infant). . j 

Timing of cxporicncc is crudal. The child who wos cmohonally neglccted 
for his first 3 ye.irs and then adopted by a loving, canng. and nurhmng famUy 
will still hove problems with attachment, intimacy, social mtetacUons, and otlicr 
functions dependent ot\ heallhy limbic development. Sequentia 
reqtiires that these optimizing experiences take place in the a PP™P lia J * 
quence, matching the child's developmcntal age. I urthennore, the hcallhy dc U- 
opmcnt of one region or capabiiity is dependcnt on Ihe healthy development ot 
Jovver brain regions that takes place earlier tn the process.* 13 

Stress-response systems develop early in üfe. The key neurobiologic sy. tems 
that mediate the stress response are locatcd in the brainstem and rrudbram. 
Therefore both intrauterínc and early childhood experiences play a tnajor role 
in determining the sensitivity and fínal organization of these brainslem-mediated 
stress-response systems. Thc best characterizations of eárly mampulation and 
development of neurobiologic systems involved in strcss come from antmal 
research.’ 07 In animal models, very different adult stress-response ncurobtolog)' 
and functioning can be crealed using different pattems and types of íntrauterme 
or perinatal stress. UM In one model, for example, perinatal stress created anxious 
animals, whereas postnatal, moderate strcss created resilient animals. 1 ® 

in humans, sludies have demonstrated the kev role of the reáponstve, 
predictabic caregiver in the development of a healthy stress-response neuvobíol- 
ogy. v w Tlie infant who has a responsive and nurturing caregiver builds in the 


neurobiologic foundations for a flexible and maximally adaptive stress response. 
if the deveioping infant is ailowed to explore his or her world and have a stable 
base to turn to when overwhclmed, this child is developing resilience to future 
strcss and trauma. On tlie other hand, the child exposed to chaotic or threatening 
caregiving develops a sensítized stress-response system that affects arousaí, 
emolional regulation, behavíoral reaclivity, and even cardiovascular regula- 
tion/ 4 These sensitized chiidren are at risk for stress-indueed neuropsychiatric 
problems iater in life, 77 


STRESS-RESPONSE PATTERNS IN INFANCY AND 
CHILDHOOD 

Hurnan beings respond to stress with altered emotíonal, behavioral, cogni- 
tive, social, and physiologic functioning. The degree and nature of these rc- 
sponses varies from individual to individual in any single event, and across 
events for any gíven individual. Strcss responses are heterogeneous and graded. 
Two primary but interactive response pattems (hyperarousal and dissociative) 
liave been deseribed .* 5 Most individuals use various combinations of thcse tvvo 
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distinct responsc pottcms during nny givcn trnurnatic event. Ihe predorninnn 
response pntterns appear to shifl from dissocintive to hypcrarousnl duung 
developnvent. Although incompletely characterized in chtldren, these two rna ) or 
response pntterns illustrntc key principlcs of the neurodevelopmental poispec- 
tive on traumn. 


Hyperarousal: Fight or Flíght Responses 

The initial phase of the hyperarousal continuum is an alnrm reaction lltat 
bogins to nctivnte the sympathetic nervous system. This alarm reaction ts medi- 
ated by the locus coeruleus (LC). The I.C is a bilatcral nucleus of norepinephi ine- 
containing neurons located on the floor of the fourth ventricle tn thr/ pons. It 
sends diverse axonal projections to virtually nll major brain regions, enabling it 
lo function as the primary regulator of noradrenergíc tonc and activity .*' M The 
LC is important in the process of attending to itovel stimuli, rank ovdering the 
'importance' of simultancous sensory information, and mediating attentional 
and arousal states. 1,2 In this centrni role of orchestrating incoming sensovy 
information, the LC is a key mediator of the stress response." 1 -" Other important 
brainstem nuclei, including the ventral tegmental nudeus (VTN), play a parl in 
regtilüting the sympathetic nuclei in the pons and medulIa, M ’ and vvith the LC 
create the reticular activating system (KAS)/ ,H In addition to a role in stress 
response, tho RAS plays key roles in reguinting arousal, vigiiance, affect, behav- 
ioral irritability, sleep, startle response, cardiovascular, and other regulatory 
furictions that become dysregulnled in trauma-relaled neuropsvchiatric disor- 
ders.''- ,;1, “ x f ' ? 

The activity in the LC rnirrors Lhe clegree of arousal (i.e., sleep, calm-aiert, 
alarm-vigilant, fear and terror) related to stress or distress in the environment 
(internal and extemal). F*ear incréoses LC and VTN activity, incrcasing the 
release of norepinephrine in all of the LC and V TN terminal fields throughout 
the brain. Further along in the hyperarousal continuum, alarm becomes fear. 
The LC tunes out noncritical information and medintes hypervigílance. This 
nucleus regulates the complex inleradive process, which includes activation of 
centrally controlled autonomic nervous system tone, the immune system, and 
the hypothalamic-pituitary-adrenal (HPA) axis vvith resulting release in adrcno- 
corticotropin and cortisol. 53 The sympathetic nervous system is furtiier activated, 
incrcasing heart rate, blood pressure, and respiratory rate, mobilizing glucosc, 
and increasing muscle tone. AIl of these actions prepare the bodv for defense—to 
fighl wilh or run away from the potential threat. In the face of continuing threat, 
a fuJI fighl-or-flight response is activaled. This response was first described by 
Cannon 20,21 and lias been the most studied, best-characterized stress-response 
pattern in humans. 

If a chiJd faced vvith threat responds with hyperarousal, there will be n 
dramatic increase in LC and VTN activity. The hypothalamic-pituitary-adrenal 
(HPA) nxis is crucial lo thc orchestration of the peripheral response to threat. 
Corticotropin-releasing hormone (CRH) selectively slimulntes ancl regulates 
ACTH secretions in animals. 11 ACTH, once released, in lurn stimulates adrenal 
secretions of glucocorticoids or corlisol, which causes a myriad of peripheral 
adapfive responses, including gluconeogenesis, immune system mobilization, 
and altered ceJIular metabolism. 

As wilh central neurobiologic systems, stress, distress, and trauma alter 
HPA regulation (i.c*., a new homeostasis has been induced by the stress). Abnor* 
malities of the HPA axis have been noted ín adults with PTSD."" Chronic 
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acHvation of the HPA sysleni in rcsponse to stress hns ncgativc consequcnccs, 
Thc homeostatic stntc nssocialcd with chronie HPA activation wcars the body 
out." 1 '- y| l lippocampal damnge, impaired glucosc ufilizntion, nnd vulnerability to 
tnetabolic insults vl may rcsult. Preliminary stucties in a sample of abuscd chil- 
dron suggests siniilar hippocainpnl and limbic abnormalities. 4 '* , " 1 

Following an acute fear rcsponse, the brain creates a set ol memorics from 
the event. These memories are reaetivated when the child is cxposcd to a specific 
rcminder of the trnumatic event (e.g., gunshots, the perpetrator). Furthermore, 
these memories can be reaclivated when the child simply thinks about or drcams 
about the event. Unfortuiwtely, one of the amazing strcngths of the human 
brain, its capacity to make associations from thc specific to the general, begins 
to betray the traumatized child. Specific cues from the traumatic cvent may 
gencrali/.c (e.g., gunshots to loud noises, a specific perpetrator to any strange 
male). In other words, despite being away from threat and the original trauma, 
these key pnrls of the child's braín are activated again and again. The inemories 
of fear are seared into the chifd's neurobiology. 

The use-dependent activation of these areas leads to sensitizaUon. Sensitiza- 
tion of catecholamine (LC/VTN-amygdaloid) systems lcads to a cascade of 
associated functional changcs in brain-related functions. !uv **' 11W Sensítization of 
the brain stem and midbrain neurotransmitter syslems mediating the hyper- 
arousal responsc also means that the other critical physiologic, cognitive, emo- 
tional, and bchavioral functions thal are mcdiatcd by these systems wiUbecóme 
sensitized. Because the LC/VTN and its target regions (amygdaloid nuclei) also 
mcdiate a variety of other functions, sensitizntion of thcse systems by repetitive 
reexperienco of the trauma lcads to dysrcgulation of these funetions. 5 A trauma- 
tized child may, therefore, exhibit motor liyperaclivity, anxiety, behavioraí im- 
pulsivity, sleep problems, tachycardia, and hypertcnsion. 46 - 72 - H1 

This means, of course, that the stress respon.se itself becomes scnsilb.ed. 
Everyday stresses that previously may not have elicited any response are now 
able to elicit an exaggerated reactivity in childrcn who are hyperreactive and 
overly sensitive. Simply statcd, the chiid is in n persisting fear state. Further- 
morc, this means that tíie child's new basal homeoslatic or equilibrium emo- 
tíonal state is a state of anxiety. Tliis child vviil be more easily threatened or 
terrorized. Over timc, these chíldren exliibit a set of maladaptive cmotional, 
behavioral, cognitive, social, and physiologic problems rooted in the originní 
adaptive response to a traumatic event, 

TJie few research studies examining catecholamine systems in children 
folioWing traumn suggest a dysregtilated, sensitized stress-response neurobiol- 
ogy. ín a pilol study, sexually abuscd gírls exhibited greater total cntecholnmine 
synthesis as measured by the sum of the urinary concentration of epinephrine, 
norepinephrine, and dopamine vvhen compared with matched controls. 17 -In a 
group of 60 children with PTSD, altered cardiovascular regutation (e.g., in- 
crcased resting heart rate) has been demonstrated, suggesting altered autonomic 
regulation at the level of the brninstem ”*• w In other studies, clonidine, an a : - 
adrenergic receplor parlial agonist, has been dernonslrated to hc an effectiv'e 
pharmacotherapctitic agent 7í ' The presumed therapeutíc site of actíon is the LC. 
These indirect studies all support the hypotheses of a use-dependenl alteratíon 
in the brainstem catccholamíne systems follovving childhood trauma. 


The Dissocíative Contínuum 

ínfants, of course, are not capable of fighl or flight. Their threat response 
pattems are unique and, in tíie inítial stages of distress, are charncterized by a 
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prtcitrsor torm of a hypcrarousal responsc. In these pre-alnrm and atarm stages, 
k m ant vyill use his or her limited behavioral rcpcrtoire to attract thc attention 
° ^ caregiver. 1 hese behaviors include changes in facial expression, body 
movements, ond, most important, vocalization (i.e., crying). This is a successful 
adaptive strategy if the carctaker comes to feed, warm, sooth, fight for, or flee 
vvith fl\e infant. 

Unfortunately, for many infants and children thcse strategies ore not cffec- 
tive. Indeed, millions of chüdren, if they are fussy, difficult, or weepy, are 
maltreated bv the very adults who should be protecting them. In tlie absence of 
an appropriate caregiver reaction lo Ihe ínitial alarm outcry, the chiid will 
abandon this behavior, Furthermore, if the infant or chilci has few if any positive 
responses and negaflve responses, he or she vvill abandon this set of adaptations; 
the converse of use-dependent development occurs, disusc-rclated bchavior 
extinction. This defeat response is weil-charncterized in nnimal models oí stress 
reactivity and learned helplessness/' 5 This defeat reacflon is a common element 
of the presenting emotional and behavioral phenomenology of many negiected 
and abused children. 32,24 Indeed, adults, professional or not, often puzzle 
over the emotional nonreactivity, passivity, and compliance of many abused 
children. All too oflen this defeat reaction is mislaken for resilience: "Can you 
believe how easy it is for her to talk about all Ihose horrible things they did to 
her, and she is so easy to have nround, so compliant. What a tough liltle girl! 
But I guess kids are just resilient, right?" Wrong. Children are maileable. Chil- 
dren become resilient if they incorporate a stress-response neurobiology that 
mirrors their experiences of predictable nnd nurturing caregiving. 

In the face of threat, with no adequate response forthcoming from tiie itiiflal 
alarm, the infnnt or voung cliild wiJI be forced to activate other responses to 
adapt. If the child is oid enough, this may invoive moving further along the 
hyperarousai continuum (the child's version of fight or flight); for infants, 
however, this will involve activation of dissociative adaptations. Dissociation is 
a broad descriptive term that inciudes a variety of mental mechanisms involved 
in disengaging from the external world and attending to stimuli in the internai 
world. it can involve distraction, avoidancc, numbing, daydreaming, fugue, 
fantasy, derealization, depersonalization, and, in the extreme, fainting ov catato- 
nia. In our experiences with young children and infants, the predominant adap- 
live responses during the trauma are consistent with dissociative mcchanisms. 
Chiidren report going to n "different place," assuming persona ot heroes or 
animals, a sense of "watching a movie that I was in" or "just floating"—classic 
depersonalization and derealization responses. Observers report these children 
as numb, robotíc, nonreactive, dnydrenming, "acting like he was not there," and 
staring off in a glazed look. The younger the chlld the more likely there will be 
primary dissociative adaptalions. ímmobilization, unavoidability, or pain vvill 
increase the dissociative components of the stress response patterns at any age. 

Jn animals, the defeat response is mcdiatcd by different neurobiologic 
mechanisms than the fight or flight résponse. What little is known about the 
neurobiology and phenomenology of dissociation appears to most approximate 
the defeat reacflon described in animnis. 1 *- 4I - 44 M As with the hyperarousa! 
response, there is brainstem-mediated CNS activation that results ín increases 
in circulating epinephrine and associaled slress steroids. v ' 4145 A major difference 
in the CNS, however, is that vagal tone incrcnses dramatically, decreasing blood 
pressure and heart rate (occasionally resulting in fainting) despite increases in 
circulating epinephrine. 

Dopaminergic syslems, primarily mesolimbic and mesocortical, ploy an 
iinporíant role ín defcat reactión models in évnimnls. 4 ' ,l ,,2 ‘ M These dopamin- 
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ergic systems are inlimatdy involved in the reward systems, attect modulation 
(o.g., cocaine-induced euphoria), and, in sorne casos, are colocalized vvrtlA enc og- 
onous opioids Hiat mediate pain and olher sensory processing. 14 Thc opiov 
systems are clearly involved in altering perception ol painful stimuli, sense o 
Hme, place, and realily. Opioíds appear to bo major mediators of the detoa 
reaction's dissociative behaviors. 1 Indeed, most opiate agonists cnn induce dis- 
sociative responses in humans. ... . 

Little research on the neurobiology of dissociation in children oxtsts. In our 
preliminary studies, traumatized children with dissodntive Syniptoms demon- 
strated lovver heart rates than traumatlzed children with hyperarousal syrnp- 
toms. Cue-specific increases in heart rate were soen in thc children with per- 
sisting hyperarousal symptoms. M In a recent case series with 10 children 
suffering from scvcre dissociative symptoms (e.g., fainting, catatonia, bradycai- 
Jin), naltrcxone, an opioid antagonist, improved dissociative symptomn. ' T'he 
hypothesized therapeulic sile of action is the opioid receptors regulating LC ac- 
tivity.' 1 

The capacity to dissociate in the midst of terror appears to be a differentially 
available adaptive response; some people dissociate early in the arousal contin- 
uum, and some people dissociate only in the state of complete terror. The 
determlnants of individual di/ferences in the specific stress response to threat 
have yet to be well characterized. One important observation is a clear gender 
difference. Women tend to dissociate much more frequently thnn nven. Ihis is 
liJkely due to multiple factors, but il is a persistent observation across all ages 
nnd cultures. In its most common form, however, the child and adult i*esponse 
to trauma is a mixture óf these two primary adaptive pattems. Mixture of 
hyperarousal with a partial dissociative response confers tremendous adaptive 
advantages (it is whnt allows the soldier to fight vvithout panic). Tlvis advantage 
is age-dependent; for example, little adaptive advantage is conferred to a young 
child using only a hyperarousal response. Children's mixlure of response prefer- 
ence clvanges with maturity. The oldcr a child becomes, thc more víable is a 
full-blovvn fight or flight response. 


Freezlng 

One of the most comrnon belvavioral prcsentations seen in the convbined 
hypemrousal-dissociation response pattern is freezing. The teleologic adaptive 
advantage of freezing is clear. Freezing makcs it harder for movemcnt-depen- 
dent predators to localize the prey. In tlve aivimal kingdom, freezing is a very 
comnvon prcdecessor of flight. In sorne animals such as the opossum, the 
freezing responáe is the primary adnptive response to threat. For humans, 
freezing is only a component of a more complete set of possible responses. Fear 
Impairs thinking, a human’s best defense, and freezing can allow the escalating 
anxiety to plateau and give the person a chance to mentally regroup. 

Children vvlvo Ivave been traunvatized and vvlvo have developed a sensitized 
hyperarousal or sensilized dissociative paltern often use freezing vvhen tlvcy feel 
anxious. Typically tlvis fveezing behaviór is labeled úppositioiuü-di’fianf. The child 
vvíth a Ivistory ot nvaltreatnvent vvill foel threatened ovviivg to an evoeative 
stimulus that has tapped into emotional and stnle nvonvories of provious thrcat 
(e.g., a famiiy visit). Clvildren rárely understand wlvy they are anxiouS. In this 
state, they are less capable of processing convplex information aivd are easily 
overwhelmed. They feel out of control and vvill cognitively, and often physically, 
/reoze. Caregivers or teachers, unavvare of this internal process, may ask llve 
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child to do something, but the child is 'frozen' ond refuses- yP lve 

adult—a teocher, a pnrent, a counselor—persists, and these directi 
more threat: "lf you don't do this, I will .. /' The nonvcrbal and ver;>< ‘ , 

of this threat makes the child feel more anxious, threalened, am. ou _ . 

The more anxious the child feels, the cjuicker the chtk v\ t . j 

being anxious to threatcned to terrorized. As the child bccomes Tre ‘ „• 1 or 
terrorized, the freezing mny escaiate into fight or flight, bccommg agg, * * 
combnttve. Conversely, the child may dissolve into a regresset, » * T . 
dissociative state, a condilion familinr fo too mnnv slaff wot g 
treated children. 


Maiadaptive Persistence of Stress Response Pattems and 
Neuropsychiatric Disorders 


The use-dependent nature of neural systems ensures ta 
homeostasis (i.e , memories) resulting from a traumahc even vv • . “j 

neural systems that mediated the stress response during t e evei . . 

those ncural svstems that the altered ivomeostasis manifcst as t yst H c 

dvsfunction, , ,.•, , 1 ,.,*. 

1f a child dissociates in response to a severe trauma ant j»*)*_ 
dissociative stale for a sufficient period of time, Ive or she wtll a er _ _ .* 

sis of tlie systems mediating the dissociative response (t.e., opiotd, c op« b > 
HPA axish A sensitized neurobiology of dissociation vvtll resu íin ‘ 

mav develop prominent dissociative-related symptoms (wtthdrawal, somatic 
complaints, dissociation, anxiety, helplessness, dependence) and dusoidersj .. 
sociative disorders, somatoform disorder, anxiety disorders, Tnapr depresston). 
Chiidren mav firtd artificiai ways to facilitnte soothing and reinforce opioia- 
mediated dissociation when thev suffer from anxiety or other distress. Kockmg, 
head banging, self-mutilation, and "cutting" are all distorted self-soothtng aehvi- 
ties related to the capncity of painful stimuli to activatc the bratn s opiotd sys- 


jf a child is traumatized later in life and uses a predominately hyperarousal 
response, the altered homeostasis will be in différent ncurochemical systems 
(adrenergic, noradrenergic, HPA axis). This child will be vulnerable to devel- 
op j n cr persísting hyperarousal-related symptoms (hypervigilance, anxiety, im- 
puísivity, sleep problems) and disorders (PTSD, ADHD, conduct disorder). Both 
groups are vulnerable to substance abuse and dependence: alcohol serves to 
reduce anxiety in both groups, opiates to induce soothing dissociation, and 
psychostimulants (cocainc) to activate dopaminergic "reward" areas in mesolim- 
bic nreas for Ihe empty, "defeatecl" diild. 

When examining the epidemiologic data of neuropsychiatric disorders in 
children, there is a 3:1 male-to-female raiio of childhood psychiatric problems 
thnt tcnds to disappear in adolescence. ín early adulthood, this ratio shifts to 
become 2:1 female-tomale. The childhood ratio reflects the naturc and pattern 
of the gender distribution of primary preference in response to stress. Boys tend 
to use hyperarousal responses whereas girls are tmtch more likely to dissociate. 
Jn childhood, more boys meet Ihe diagnostic critcrin for externnlizing disorders 
such as ADHD, conduct disórder, nnd oppositional-defiant disordér. In girls 
there is a higher incidence of intemalizing disorders such as depression, anxiely, 
and dissociative disorders. 

Young boys lypicaüy come to the altentíon of the clinician because of their 
externaltzing symptoms. There wil! be reports of aggression, inattentiveness, 


Scanned by CamScanner 


46 


í'L'RRY & POl.tARD 


Voung girls who havt» bwn s miltLT ^ 'r 0 4° yS nre din fí n0iied wíth ADHD. 

the parents (ihus peí nns H^ ^ uma iZed not htought to the cünician 
dissociating girl davdíxnm^r^ M mak " l ^ femn,c rí,,i °)- The m.iltreated, 
and teacheré than H-w» k' ^ 10 classroom is Icss bothersüme lo caregivers 

mal(r P nte7n s ™ , í / y ^ raChVt \ im P ulsive - a » d ™ncompl¡nm boy. Giri níc 

Ihc LWc princTo l; :ZZ' K ' ! hm boys - 5 irls ' brni " s P~« ta» ^íh 
arc damappH h,f i? tf ocurodevelopnicnt ,ind neurophysiology as bovs, Gírls 

our holp 8 y ' raUma “ mudl as b °y s - y«-‘l thoy oíc much l«s Hkciy ,o gcl 


poucy?mp A ucatoms E d,RECTI0NS: therapeut, c and 


AU experiences change the brnin, but not all experiences have an equal 
impact on the brain. tiecause the brain is developing and organizing at such an 
explosive rate in the tirst ycars of life, experiences during this pcríod have 
more potential to influence the brain in positive and neg.ttive ways. Traumatic 
experiences and therapeutic experiences affect the same brain and are limited 
by the same principles of neurophysiology. Traumatic events disrupt homeosta- 
sts in the multiple areas of the brnin that are recruited to respond lo the threat. 
Use-dependent internalization of elements of the expcrience create memories 
that influence ftiturc functioning. To heal (i.e., alter or modify memories of 
trauma), therapeutic interventions must actívate Ihoso portions of the brain that 
hnve been altered by the trauma. Understanding the persistence of fear-related 
emotional, behavioral, cognitive, and physiologic pattems can lead to focused 
therapeutic experiences that modífy those parls of Ihe brain affected by trauma. 

A neurodevelopmental view of childhood trauma provides novel direcHons 
for assessmcnt, intervenHon, and policy. Primary among these is the clear 
neurobiologic rationale for early identificaHon and aggressive, proactive inter- 
ventions that will improve our ability to protect, heal, educate, and enrich 
traumatized and neglécted childrert. Future clinical and research efforts in this 
area must begin to define and use child-spedfic and devélopmentolly infonned 
models to guide assessment, intervention, education, thtírapeutics, and policy. 
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